Introduction
Parvoviruses are small, linear and non-enveloped viruses with single-stranded DNA (ssDNA) 48 genomes ~5-6 kilobases (kb) in length [1] . All parvoviruses possess two major genes, a 49 non-structural (NS) gene encoding the viral replicase, and a capsid (VP) gene encoding the 50 structural proteins of the virion [2] . The Parvoviridae family is divided into two subfamilies. All 51 parvoviruses that infect vertebrates falling into one subfamily (Parvovirinae), which currently 52 contains 41 viral species, classified into eight genera [1] .
53
Parvoviruses cause disease in humans and domestic animals. For example, parvovirus B19, a 54 species in the genus Tetraparvovirus, causes 'erythema infectiosum' in children and polyarthropathy 55 syndrome in adults [2] , while canine parvovirus, a member of the genus Protoparvovirus, can cause 56 haemorrhagic enteritis in dogs, with lethality around 80% of cases [3] .
57
In recent years, high throughput sequencing (HTS) approaches have been instrumental in the 58 discovery of many novel parvovirus species [4] [5] [6] [7] . Consequently, the known diversity of parvovirus 59 species has expanded greatly, and recent studies have suggested that parvovirus host range may 60 encompass the entire animal kingdom [8] . To understand the natural biology of vertebrate 61 parvoviruses -i.e. their dynamics in natural hosts, propensity to cause disease, and zoonotic 62 potential -it is important to document their distribution and diversity across a wide range of 63 vertebrate species and populations. In this study, we used a HTS approach to investigate 64 parvovirus infections among wild mammals and birds in Brazil. 
69
Grande do Sul states in Brazil. Individual specimens were distributed in 60 pools based on the 70 species, sample type (i.e., tissue, blood, sera and cloacal swab), date and place of collection
71
(Supplementary Table 1 ). The species of wild animals were identified using morphological 72 characteristics keys as previously described [9] [10] [11] . The geographical distribution of the pools is 73 shown in Figure 1 .
75

Preparation of pools, viral genome sequencing and assembly
76
Tissues samples were individually homogenized with Hank's balanced salt solution using the
77
TissueLyser system (Qiagen, USA). Then, the homogenized tissue, sera, and cloacal swabs were 78 centrifuged by 5 min at 10,000g, and the pools were prepared as previously described [12] . The viral 79 genomes were extracted with a QIAamp viral RNA mini kit (Qiagen, USA) and stored at -80°C.
80
Subsequently, the nucleic acid was quantified using a Qubit® 2.0 Fluorometer (Invitrogen,
81
Carlsbad, USA) and the purity and integrity of nucleic acid of samples were measured using an
82
Agilent 2100 Bioanalyzer (Agilent Technologies, USA).
83
The DNAs were prepared for high-throughput sequencing using the RAPID module with the 
Results
113
Using HTS we identified 21 parvovirus sequences in samples derived from rodents, bats, 
117
World bats, and sigmondontine rodents. Parvovirus sequences recovered in our study were 118 classified on the basis of (i) phylogeny and (ii) pairwise distance. Figures 1 and 2) .
147
We identified a novel species of protoparvovirus in sigmondontine rodents. This virus, which 148 was detected in samples from several distinct animal and species ( 
158
All the viruses identified in our study have typical parvovirus genome structures encoding NS
159
and VP proteins. The deduced NS protein sequences from these viruses contains the "HxH" and
160
"GPASTGKS" motifs, which play a critical role in viral DNA replication [20] . Most of the capsid
161
proteins also possess the PLA2 motif involved in particle release [21] , and the glycine-rich (G-rich)
162
region required for cellular entry [22] . Interestingly, we observed that one species, Desmodus Notably, the rodent bocaparvoviruses and pileated finch aveparvovirus contain a putative 173 additional ORF (NP1). This gene is located in the middle of the viral genome and overlaps with the 174 C-terminus region of the NS ORF, but in a different reading frame (Figure 3) . In the case of the 175 rodent bocaparvoviruses, this ORF may correspond to the NP1 protein, which has been reported to 176 play a role in efficient replication for human and canine bocaparvoviruses [25] [26] [27] , and in immune 177 evasion for porcine bocaparvoviruses [28] .
179
Discussion
180
Brazil has a great diversity and abundance of wildlife, and is considered a hotspot for the 181 potential emergence of novel zoonotic viruses [23] . However, parvovirus studies in Brazil have 182 focused predominantly on canine parvovirus and human parvovirus B19 [2, 24] . In this study, we 183 used a HTS approach to investigate parvovirus infections among wild mammals and birds 184 apparently without symptoms or disease from Brazil. We identified 21 parvovirus sequences,
185
representing six novel and two previously described parvovirus species. We report the first 186 examples of parvoviruses in samples derived from Sigmondontinae rodents, opossums and New
187
World bats. Interestingly, all of the viruses detected here were sequenced from serum or blood 188 samples suggesting that viremia may have been a factor in their identification.
189
We detected strains of ungulate tetraparvovirus -a virus in the genus Tetraparvovirus -in cattle 
215
We detected bovine parvovirus 3 (genus Erythroparvovirus) in Brazilian cattle. Since this virus -
216
to the best of our knowledge -has only been described as a contaminant of commercial bovine 217 serum [36] , our study is the first to report detection of bovine parvovirus 3 in cattle populations.
218
We also identified a novel protoparvovirus species infecting sigmodontine rodents in Brazil. 
242
Conclusions
243
In this study, we used a sequencing-based approach to characterize parvovirus infections in 
249
Supplementary Materials: The following are available online at www.mdpi.com/link, Table S1 : Samples 250 information, host, sources, sample type, location, date, reads, and %Bases >=Q30. 
